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Abstract A survey of middle-aged men in 24 British towns showed a strong association between blood lead concentrations, alcohol consumption, and cigarette smoking. The association with alcohol persisted after age, social class, body mass index, cigarette smoking, water lead concentrations, and the town of residence had been taken into account. There was an independent but less pronounced association between cigarette smoking and blood lead concentrations after adjustment for the other factors. The possible mechanisms include a decreased excretion of lead due to alcohol-induced hepatic dysfunction and an increased lead intake from cigarette smoking.
These findings have implications for widespread measurement of blood lead concentrations in adults in the community and for all studies attempting to relate blood lead concentrations to environmental exposure.
Introduction
The British Regional Heart Study seeks to explain the substantial geographical variations in cardiovascular mortality in Great Britain by evaluating the role of environmental, socioeconomic, and personal risk factors. The role of water quality is of particular interest, and analysis of data collected in the study has recently shown that cardiovascular mortality is about 10% higher in areas with very soft water than in areas with medium-hard water, after appropriate adjustments have been made for other factors such as climate and socioeconomic circumstances. ' The mechanism by which soft water is associated with a higher cardiovascular mortality is uncertain but one of the possibilities considered was the increased water lead concentrations seen in many soft, acid waters.2 3 The Regional Heart Study includes a clinical survey of middle-aged men in 24 British towns, carried out to determine the distribution of established or possible risk factors for cardiovascular disease, to examine their interrelationships and to initiate a long-term prospective study of cardiovascular disease based on these findings.4 The survey has included the measurement of blood lead concentrations, and this report describes some relationships observed between blood lead concentration, cigarette smoking, and alcohol consumption in these middle-aged men.
Subjects and methods
The British Regional Heart Study covers 7735 men aged 40-59 years randomly selected from the age-sex registers of representative general practices in 24 British towns. The criteria for selecting the towns, the general practices, and the subjects as well as the methods of data collection have been presented in a separate report.4 In brief, the 24 towns were primarily selected from those with populations of 50 000 to 100 000 (1971 census). They were chosen to represent the full range of cardiovascular disease mortality and included towns in all the major standard regions. The general practice selected in each town was required to have a social class distribution that reflected the social class distribution of the men of that town. Trained research nurses gave each man an extensive standard questionnaire that included questions on occupational history, smoking habits, and alcohol consumption.
Smoking habits were recorded as follows: never smoked, excigarette smoker, pipe/cigar only, pipe/cigar smokers who were ex-cigarette smokers, and current cigarette smokers at four levels (1-19, 20, 21-39 , >40/day). Alcohol consumption was recorded using questions on frequency, quantity, and type similar to those used in the General Household Survey.5 Eight drinking categories were used: non-drinkers, men drinking on special occasions or 1-2/month, men drinking at weekends (1-2, 3-6, or >6 drinks per day), and men drinking daily or on most days (1-2, 3-6, and >6 drinks per day). A "drink" was defined as half a pint of beer, a glass of wine, or a tot of spirits. To determine social class the longest held occupation of each man was coded and the men were then classified within one of the six social classes of the Office of Population Censuses and Surveys.
Blood lead analyses were carried out on 7378 men (95%) using flame microsampling atomic absorption spectroscopy6 with minor modifications to the original procedure: sample volumes were reduced to 6 pl; the wavelength was 217 0 nm; A1203 absorption tubes were used; and the absorption signals were integrated. The missing samples were mainly accounted for by clotting problems in the specimens. To ensure comparability of blood-lead results over the two years of this study, a strict internal quality control protocol was maintained and the quality of the analyses was assessed by participation in national and international quality assurance programmes. Since blood lead concentrations follow a log-normal distribution, the results were expressed in terms of geometric means.
Results and comment Fig 1 shows the geometric mean blood lead concentrations with 95%O confidence limits for men in each drinking category. Men drinking three or more drinks daily or on most days showed a pronounced increase in mean blood lead concentrations. For the men drinking more than six drinks daily (11%O of all men) the mean blood lead was 30%/ higher than that seen in non-drinkers and occasional drinkers.
There was also evidence of smaller increases in blood lead concentration for light daily drinkers and for moderate and heavy weekend drinkers. 
the associations seen with alcohol and smoking could have been attributed to variations in water lead concentration. In those men living in houses with low levels of water lead (< 10 ,ig/l first draw) there was still a strong association between alcohol intake and blood lead concentration. In the smaller group of men living in houses with higher water lead levels, the same pattern of relationship between alcohol intake and blood lead concentration existed. These findings suggested that the relationship between alcohol intake and blood lead concentration was independent of water lead levels. Similarly, the effect of cigarette smoking on blood lead concentration was independent of water lead levels. Age and body mass index (weight/height2) showed no association with blood lead.
The European Community directive 77/312 requires that in certain statutory surveys no more than 2°, of any group surveyed should have blood lead concentrations above 35 ,ug/100 ml (17 timol/l).8 In this study 74 men (1-0°' ) had blood lead levels greater than 1 7 ,Lmol/l.
In men drinking more than six drinks daily 2-1%" (17/804) had blood lead concentrations of over 1-7 ,umol/l compared with 0-8%' (17/2192) of those drinking occasionally or not at all.
Discussion
There is considerable interest in the measurement of blood lead concentrations in the community, as evidence has been brought forward to support relationships between the body burden of lead and various health problems.9 This evidence concerns in particular the intellectual functioning and behaviour patterns of children,'0 11 but it has also been suggested that increased intakes of lead may be associated with renal disease'2 and hypertension." A recent European Community directive requires that all member states undertake screening campaigns for lead in various population groups and provides reference levels which must be applied to the results of such surveys.8 Blood lead concentrations in the community are recognised as being determined in the main by dietary intake (including drinking water) and also by environmental sources such as lead in air derived from petrol.'4 The relative contributions of these sources is disputed but a recent review concluded that lead emitted by traffic and directly inhaled was not a major source of pollution.9 Nevertheless, the indirect contribution of such lead (via food and dust) remains to be adequately assessed.
Our findings suggest that both alcohol and cigarette smoking are making significant independent contributions to blood lead concentrations in middle-aged men in British towns, and there are several ways in which this might be explained. A direct increase in lead intake from cigarettes and alcohol may be responsible. Cigarettes contain varying amounts of lead and smoking 20 a day has been estimated to result in the inhalation of 1-5 ,ug of lead.'5 Nevertheless, the lead contribution from cigarette smoking is not considered to be great enough to increase the blood lead concentration above that found in nonsmokers. '6 In some industrial studies higher blood lead concentrations in smokers have been attributed to the transfer of lead from the fingers to the cigarette.'7 Our study shows that cigarette smoking does make a significant independent contribution to the blood lead concentration but less than that associated with alcohol intake. The increased blood lead values in ex-cigarette smokers seem unusual but may be accounted for by the wellknown propensity of many cigarette smokers to claim that they have given up smoking when they have not in fact done so. '8 The very limited information available in the United Kingdom on the lead content of alcoholic drinks'9 indicates that wine has a mean lead content of 0 12 mg/kg and spirits, beer, and cider a mean content of 002 mg/kg. The recommended limit for lead in all alcoholic drinks is 0 2 mg/kg.'0 More than half (56%0) of the men in the Regional Heart Study drank only beer, a further 13% drank beer and spirits, and 11%N drank spirits only. Seven per cent drank only wine or sherry, or both. When the blood lead data in this study were examined separately for men who drank beer only, those drinking spirits, and those drinking wine or 301 sherry only, the pattern of relationships seen in fig 1 was similar for all three groups. This suggests that the increased blood lead concentration seen with increasing alcohol intake is not due to a specific beverage, for example, wine, and is thus probably not due to an increased intake of lead.
Alcohol in the diet may lead to increased absorption of lead from the bowel. There is no direct evidence for this in man, and animal studies suggest either that such an effect is very limited" or that alcohol actually diminishes the absorption of lead from the gut." The metabolism of lead and calcium are closely related and calcium appears to reduce the intestinal absorption of lead. 16 In Britain there are both individual and regional differences in the dietary intakes of calcium.23 24 There are also considerable variations between regions and towns in the content of calcium in the drinking water,' and it has been suggested that the availability of lead in hard water is low. In subjects receiving similar concentrations of lead in drinking water the blood lead concentrations are apparently lower in those living in hard water areas compared with those living in soft water areas." Since we have no information on total calcium intakes in individuals, we can approach this question only indirectly. In each of the 24 towns studied, towns presumably differing in their overall dietary patterns and certainly differing in their water calcium content, the positive effect of alcohol on blood lead concentration was evident and the same was true for the effect of cigarette smoking. Indirectly, this suggests that the effects of alcohol and tobacco are independent of any effect which dietary calcium may have. This is not to say that dietary calcium or, specifically, water calcium may not be affecting the blood lead concentration but that we cannot answer that question from these data.
Lead is excreted mainly through the kidney by glomerular filtration,'6 and there is evidence from animal studies that it is also excreted in the liver, mainly in the bile. 
ONE HUNDRED YEARS AGO
The death of Garibaldi, the funeral ceremonies at Caprera, and the honours which await his memory, continue to be the all-absorbing topics of conversation, not only in Rome but throughout Italy. The impression caused by the unexpected news of his death fully equalled that which the nation manifested for the loss of Victor Emmanuel. The Italians are true hero-worshippers and never try to hide the emotions, which might possibly be felt as deeply, but would certainly not be shown as openly, by us at great national bereavements. For the last ten years nearly, the hero of the Italian nation has been a helpless cripple from rheumatism and rheumatoid arthritis, caused by the innumerable hardships and great exposure attendant on his adventurous and glorious campaigns. As long ago as 1875 it was almost impossible for him to walk, and the succeeding years only aggravated his state. When he crossed to Genoa and Milan, rather more than a year ago, he was always carried about recumbent, and was scarcely able even to raise a hand to salute the applauding crowds. His island home could not improve such a condition, and it is known that he suffered much pain. During the last winter, he had been greatly troubled with bronchitis; and, though the trip to Naples and residence at Pozzuoli were of service to him, and enabled him to go to Palermo to the celebration of the Sicilian Vespers, it was noticed that his strength had greatly failed. Not long after his return to Caprera, the bronchitis became worse again; his appetite entirely failed; and it was said that he was unable to swallow fluids even for three days before his death. Indeed, the medical certificate signed by Dr Albanese stated that the cause of death was paralysis of the pharynx! No necropsy seems to have been made. The family, yielding to the desire of many friends, reluctantly gave up the idea of cremating the body, as directed by himself; they had it embalmed, and have buried it in the meantime at Caprera, until the representatives of the nation settle where its final resting-place shall be. Owing to the very natural hesitation of the family before finally deciding not to obey the expressed wish of Garibaldi, the embalming was too long deferred, and did not prove a success. Nothing, however, can justify the nauseating details as to the appearance of the body when lying in state, which several Italian newspapers have published.-(British Medical_Journal, 1882.)
